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CHARACTERIUTIOW OF FROST-DAIIAGED ImATURE SOYBEANS FOR ALFALFA 
AND ALFALFA-BROnE HAY, CORN SILAGE OR CORN-BASED DIETS 
1 
J. A. Loesche , R. H. P r i  chard 
2 
and 2. U. Uicks  I11  
f 
Departments o f  Animal and Range Sciences and 
P lant  Science 
CATTLE 88-7 
One composit ional  study and three s i n g l e  stage i n  v i t r o . '  runen fermentat ion experiments uere conducted t o  
cha rac te r i ze  the  feed ing p r o f i l e  o f  frost-damaged i m t u r e  soybeans (FDIS). Dauson and Dassel soybean p l a n t s  were 
harvested a t  86, 93, 100, 107 days pos tp lan t i ng  and f rozen a t  -5  C t o  cont ras t  u i t h  n a t u r a l  f r ozen  soybeans o f  
t he  same v a r i e t i e s  t h a t  uere s e r i a l l y  p lan ted  and harvested a f t e r  the f i r s t  k i l l i n g  f r o s t .  No d i f f e rences  betueen 
soybean v a r i e t y  were detected f o r  crude p r o t e i n  (CP), e the r  e x t r a c t  (EE) o r  d r y  mat ter  content (DM). Crude 
p r o t e i n  and EE content  d i f f e r e d  (P<.05) betueen m a t u r i t i e s  o f  a r t i f i c i a l l y  f rozen (AF) soybeans. Only the  EE 
content d i f f e r e d  (P<.01) u i t h  m a t u r i t y  o f  n a t u r a l l y  f rozen (NF) soybeans. P l a n t i n g  da te  had an e f f e c t  (P<.001) on 
composit ion o f  mature soybeans p r i m a r i l y  due t o  increas ing EE component. EXP. 1. F i ve  l e v e l s  o f  FDIS (0, 5, 10, 
15, 20%). t h ree  subst ra tes  ( a l f a l f a  hay, ALF), corn  s i l a g e  (CS), ground corn (USC)) and tuo fermentat ion t imes (24 
o r  48 hours) uere  evaluated i n  s i n g l e  stage i n  v i t r o  fermentat ions. FDIS supplementation had no e f f e c t  on 
i n  v i t r o  d r y  mat ter  disappearance (IVDMD) o f  ALF o r  USC, i n d i c a t i n g  t h a t  t he  upper l i m i t  o f  FDIS supplementation 
had n o t  been reached. IVDMD o f  co rn  s i l a g e  uas depressed (P<.01) when FDIS exceeded 10%. Increas ing l e v e l s  o f  
FDIS increased NH - N  (P<.01) bu t  had no e f f e c t  on VFA concent ra t ion i n  fermentat ion l i q u o r .  Exp. 2. 
A l f a l f a - b r a  hay, fLF and CS were supplemented w i t h  FDlS f o r  48-hour IVDMD comparisons. lVDMD uas n o t  a f f e c t e d  
by subst ra te ,  b u t  FDIS increased IVDMD of CS (P<.001). EXD. 3. Four treatments, soybean meal (SBM), heated 
mature raw soybeans (HMB), heated FDIS (HFDIS) and FDIS, uere used t o  d i f f e r e n t i a t e  o i l  content and t r y p s i n  
i n h i b i t o r  e f f e c t s  on roughage fermentat ion. Only SBM increased IVDMD (P<.05) o f  forages tes ted.  FDIS inc luded a t  
20% o f  t he  DM d i d  no t  s i g n i f i c a n t l y  decrease IVDMD o f  forages i n  most instances bu t  may no t  s t i m u l a t e  d i g e s t i o n  i n  
the same manner as SBM. 
(Key Words: Soybean, Frost-Damaged, Imnature, Conposition, I n  V i t r o  Fermentation). 
I n t r o d u c t i o n  
I n  no r the rn  reg ions o f  soybean product ion and southern regions where double cropping i s  prac t iced,  k i l l i n g  
f r o s t s  f requen t l y  occur before  the  crop has matured. Green, freeze damaged soybeans have l i t t l e  market va lue due 
t o  poor s torage and processing c h a r a c t e r i s t i c s  a r i s i n g  from f a t  r a n c i d i t y  and presence o f  a n t i n u t r i t i o n a l  f a c t o r s  
i n  t he  damaged soybean. The i n a b i l i t y  t o  market frost-damaged soybeans Leaves producers exposed t o  economic 
losses. 
Frost-damaged soybeans have h igh crude p r o t e i n  and energy dens i ty .  I f  Livestock feed ing i s  p r a c t i c a l ,  i t  
cou ld  p rov ide  an a l t e r n a t i v e  market ing avenue f o r  the producer. L i t t l e  research has been done w i t h  frost-damaged 
imnature soybeans (FDIS), bu t  suspected h igh o i l  content and the  presence of t r y p s i n  i n h i b i t o r  cause skept ic ism 
about t h e  use o f  t h i s  product f o r  l i ves tock  feeding. 
The purpose o f  t h i s  study uas t o  character ize  frost-damaged imnature soybeans as a supplement t o  ruminant 
d i e t s .  
1 Graduate Research Ass is tant .  
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Mate r ia l s  and Methods 
Two systems were employed t o  ob ta in  FDIS o f  vary ing m a t u r i t y  t o  determine e f f e c t  o f  ha rves t i ng  method and 
stage of m a t u r i t y  on chemical composition. To evaluate a r t i f i c i a l  f r eez ing  o f  soybeans p lan ted  on a comnon date, 
two 00 m a t u r i t y  v a r i e t i e s  of soybeans (Dawson and Dassel) were p lanted on June 3, 1987. Soybeans were harvested a t  
86, 93, 100, 107 days pos tp lan t i ng  and a t  f u l l  m a t u r i t y  t o  prov ide a wide range o f  ma tu r i t i es .  Whole p l a n t s  were 
cut ,  bagged and p laced i n  a coo ler  t o  be c h i l l e d  a t  5 OC f o r  4 hours and -5  OC f o r  4 a d d i t i o n a l  hours. P lants  
0 
uere then al lowed t o  w i l t  24 hours a t  32 C be fo re  soybeans were separated and f rozen  f o r  subsequent ana lys is .  
Natura l  f r eez ing  was done us ing  Dawson and Dassel soybean v a r i e t i e s  p lanted a t  weekly i n t e r v a l s  from June 29 t o  
August 3, 1987. A k i l l i n g  f r o s t  occurred on October 21 p rov id ing  soybeans from p l a n t s  84, 91 and 98 days 
pos tp lan t i ng  and mature. Soybeans were analyzed f o r  d r y  matter content,  crude p ro te in ,  e ther  e x t r a c t  and ash. 
Comparisons o f  procedure and m a t u r i t y  were made us ing ana lys is  o f  var iance and Least squares means f o r  a 4 x 2 
randomized complete b lock  design. 
Three fermentat ion s tud ies  were conducted t o  determine t h e  e f f e c t s  of FDIS on ruminal  fermentat ion. I n  
experiment 1, f i v e  l e v e l s  of FDIS (0, 5, 10, 15, 20%). t h ree  subst ra tes  ( a l f a l f a ,  co rn  s i l age ,  ground corn) and 
two fermentat ion t imes (24 and 48 hours) were used i n  a 5 x 3 x 2 f a c t o r i a l  designed experiment. S ing le  stage i n  
v i t r o  d r y  mat ter  disappearance (IMMD), pH, NH3 and VFA concent ra t ions were measured as dependant var iab les .  
Experiment 2. A l fa l fa -bromegrass hay, a l f a l f a  and co rn  s i l a g e  subs t ra te  fermentat ions were compared us ing the  
same l e v e l s  o f  FDlS used i n  Exp. 1. These 48-hour s i n g l e  stage fermentat ions were conducted t o  determine the  
e f f e c t  o f  FDlS supplementation on h igh  f i b e r  subst ra tes  o f  d i f f e r i n g  q u a l i t y .  Ana lys is  o f  var iance was performed 
f o r  a 5 x 2 f a c t o r i a l  design. Experiment 3. Four t reatments uere used t o  separate the  e f f e c t s  o f  o i l  content and 
t r y p s i n  i n h i b i t o r  i n  unprocessed soybeans on fermentat ion of roughages. Treatments inc luded soybean meal (SBM), 
heated mature raw soybeans (HMB), heated frost-damaged i m t u r e  soybeans (HFDIS) and FDIS. Roughages from Exp. 2 
were used u i t h  two l e v e l s  o f  FDlS (10 o r  20%). IVDMD means were separated by orthogonal con t ras t  t o  determine the  
e f f e c t s  o f  t h e  h igh  o i l  and a n t i n u t r i t i o n a l  f ac to rs  o f  FDIS on f i b e r  d igest ion.  
Results and Discussion 
--
There were no d i f f e rences  i n  composit ion o f  t h e  soybean v a r i e t i e s  used. Stage o f  developnent d i d  a f fec t  
(P<.05) crude p r o t e i n  and f a t  content o f  a r t i f i c i a l l y  f rozen soybeans (Table 1). P r o t e i n  decreased s l i g h t l y  
(Pc.05) as f a t  increased i n  a r t i f i c i a l l y  f rozen soybeans, suggesting a simple p r o t e i n  d i l u t i o n  e f f e c t .  The EE 
content o f  n a t u r a l l y  f rozen soybeans was greater  f o r  mature soybeans (Table 1). D i f f e rences  (P<.001) occurred 
betueen mature soybeans from each harvest ing method, suggesting p l a n t i n g  da te  had an e f f e c t  on soybean 
composition. No d i f f e r e n c e  was detected i n  crude p r o t e i n  content between m a t u r i t y  groups f o r  t h e  n a t u r a l l y  f rozen 
soybeans. Th i s  can be a t t r i b u t e d  t o  a d im in i sh ing  p r o t e i n  d i l u t i o n  e f f e c t ,  a r e s u l t  o f  lower o v e r a l l  f a t  content 
o f  t he  n a t u r a l  f rozen soybeans due t o  p l a n t i n g  date. For experimental and p r a c t i c a l  purposes, harvest ing methods 
were considered equal and imnature soybeans were pooled f o r  IVDMD studies. 
Experiment 1. Increas ing l e v e l  o f  FDIS increased (P<.001) i n  v i t r o  NH concent ra t ion f o r  a l l  subst ra tes  3 (Table 3).  FDIS l e v e l  d i d  not  a f f e c t  t o t a l  VFA concent ra t ion o r  acetate/propionate r a t i o .  Subst ra te  d i d  a f f e c t  
these v a r i a b l e s  (P<.001) as would be expected. Substrate x l e v e l  i n t e r a c t i o n  f o r  IVDMD, NH VFA and A/P was 
3' . 
s i g n i f i c a n t  (P<.01) and due t o  depressed fermentat ion o f  co rn  s i l a g e  a t  20% FDIS. Frost-damaged Imnature soybean 
supplementation had no e f f e c t  on IVDMD f o r  a l f a l f a  o r  ground corn bu t  decreased (P<.001) IVDMD f o r  co rn  s i l a g e  
over l e v e l s  o f  FDIS. This i nd i ca tes  t h a t  t h e  maximum leve l  f o r  FDlS i nco rpo ra t i on  had no t  been reached f o r  
a l f a l f a  o r  ground corn. The i n t e r a c t i o n  w i th  corn s i l a g e  i s  not  e a s i l y  explained and d i d  n o t  occur i n  Exp. 2. 
IVDMD was una f fec ted  by roughage source i n  Exp. 2 (Table 4) .  Increas ing p ropo r t i on  o f  FDIS improved corn 
s i l a g e  IVDMD i n  t h i s  study. Composition o f  co rn  s i l a g e  (Table 2) i nd i ca ted  a d e f i c i e n c y  i n  crude p ro te in .  FDIS 
increased a v a i l a b i l i t y  o f  NH -N which may have s t imu la ted  fermentat ion. A l f a l f a  and a l f a l f a -b rome hay IVDMD were 3 
not  a f f e c t e d  by FDlS supplementation. No decrease was noted i n  IVDMD a t  t h e  20% l e v e l  f o r  any o f  the substrates, 
i n d i c a t i n g  aga in  t h a t  t he  e f f e c t i v e  upper l i m i t  o f  FDlS supplementation was not  reached. 
No d i f f e rences  i n  IVDMD were found between mature soybeans and imnature soybeans o r  betueen heated FDIS and 
FDIS i n  Exp. 3. These r e s u l t s  i n d i c a t e  a n t i n u t r i t i o n a l  f ac to rs  d i d  not have de t r imen ta l  e f f e c t s  on fermentat ion 
o f  forages. IVDMD was h igher  (P<.05) f o r  forages supplemented u i t h  SBM (Table 5).  Based on comparisons of  f u l l  
f a t  and d e f a t t e d  soybeans, i t  appears t h a t  f a t  content may be the  pr imary  f a c t o r  l i m i t i n g  increases i n  IVDMD 
associated wi th  SBM supplementation. Heating FDIS d i d  al low some improvement (P<.05) i n  IVDMD when substrate 
contained 20% soybeans (Table 5). 
I n  sumnary, compositional and i n  v i t r o  studies ind icate tha t  FDIS i s  a v iab le  feedstuf f  f o r  ruminants. Upper 
L imi ts  o f  feas ib le  FDIS incorporat ion i n  high concentrate ra t ions  were not reached wi th  20% supplementation. F D I S  
increased IVDMD and improved ruminal ava i lab le  NH i n  forages Limited i n  crude p r o t e i n  i n  some instances. F D I S  3 
d i d  not s i g n i f i c a n t l y  decrease IVDMD a t  the 20% Level i n  forages. 
TABLE 1. COMPOSITION OF ARTIFICIALLY VS NATURALLY FROZEN IMMATURE SOYBEANS 
A r t i f i c i a l  
Days p o s t p l a n t i n g  - 8  6  - 9  3 100 107 Mature SEM 
a  Crude p r o t e i n ,  % a  35.6  36.6  3 5 . 1  3 4 . 1  3 5 . 4  .93  E t h e r  e x t r a c t ,  % 1 5 . 9  1 8 . 1  1 8 . 6  1 8 . 2  1 8 . 5  1 . 0 3  
Ash, % 5 . 0  5 . 0  5 . 1  5 . 0  5 . 1  .065 
N a t u r a l  b  
Davs post plant in^ - 84 - 9  1 - 9  8  Mature SEM 
Crude p r o t e i n ,  % 40.  2c 41.  4d 41.2, 39.  7f 1 . 2 8  
E t h e r  e x t r a c t ,  % 8 . 0  1 3 . 4  1 4 . 8  1 6 . 6  .60 
Ash, % 5 . 1  5 . 0  5 . 1  5 . 1  .045 
a  
b  L i n e a r  e f f e c t  (P< .05) .  
e a s  - s q u a r e s  means. 
c" 'e 'E Means w i t h  u n l i k e  s u p e r s c r i p t s  d i f f e r  (P<. 0 5 ) .  
A l f a l f a  Corn A l f a l f a - b r o m e  
hay s i l a g e  hay  Corn FDI S 
Crude p r o t e i n ,  % 1 7 . 9  7 . 3  1 7 . 1  9 . 1  3 5 . 6  
ADF, % 34 .2  24 .2  32 .0  3 . 6  1 5 . 4  
NDF, % 5 2 . 4  4 8 . 2  41 .6  32 .5  2 9 . 4  
Ash, % 8 . 8  5 . 8  1 3 . 8  1 . 4  5 . 5  
a  P e r c e n t a g e  d r y  m a t t e r  b a s i s .  
TABLE 3 .  EFFECT OF FDIS LEVEL ON 
48-HOUR IVDMD OF DIFFERENT SUBSTRATES (EXP. 1 )  
% FDIS 
0  5  1 0  1 5  2  0  S  EM 
A l f a l f a  Hav 
IVDMD, %a 5 4 . 7  53 .7  52 .2  5 1 . 4  5 5 . 4  2 .05  
NH , mg/dla b 21.2  24.6  25 . O  25 .7  2 9 . 3  1 . 4 5  
~ o ? a l  VF$ m / m l  3 3 . 6  34.7  33 .6  25 .6  1 9 . 5  3 . 4 0  
C A/P r a t i o  2 . 7  2 . 6  2 . 8  2 . 5  2 . 1  .075 
Corn S i l a g e  
IVDMD, % 5 2 . 9  54 .3  53 .2  4 3 . 1  3 9 . 1  2 . 0 5  
NH mg/dl 6 . 4  1 0 . 8  1 8 . 8  3 5 . 7  4 1 . 8  1 . 4 5  
 TO?;^ VFA, m / m l  33 .0  2 3 . 1  3 1 . 1  26 .0  4 6 . 8  3 . 4 0  
A/P r a t i o  1 . 6  1 . 5 2  1 . 8 5  1 . 9 1  2 .37  .075 
Ground Corn 
IVDMD, % 7 8 . 6  75.9  79 .7  79 .0  7 8 . 7  2 .05  
NH mg/dl 9 . 3  1 6 . 2  1 8 . 7  1 9 . 3  2 5 . 0  1 . 4 5  
~ o 2 ; l  VFA, m / m l  7 1 . 8  7 8 . 8  6 8 . 4  6 6 . 7  77 .7  3 . 4 0  
A/P r a t i o  1 . 5 9  1 . 6 6  1 . 6 3  1 . 7 3  1 . 7 1  .075 
a  S u b s t r a t e  e f f e c t  (P< .001) ,  l e v e l  e f f e c t  ( P < . 0 0 1 ) ,  s u b s t r a t e  x 
l e v g l  (P<. 001) . 
S u b s t r a t e  e f f e c t  (P< .001) ,  s u b s t r a t e  x l e v e l  ( P < . 0 1 ) .  
C A c e t a t e  t o  p r o p i o n a t e  r a t i o .  
TABLE 4 .  EFFECT OF FDIS LEVEL ON IVDMD OF THREE DIFFERENT 
FORAGE SOURCES (EXP. 2) 
% FDIS 
Source  0  5  10  1 5  2 0  S EM 
% IVDMD 
A l f a l f a  h a y  5 0 . 0  5 1 . 6  5 1 . 5  5 1 . 7  5 3 . 8  1 . 4 4  
a  Corn s i l a g e  4 1 . 4  52 .4  5 4 . 8  5 6 . 6  5 6 . 1  1 . 4 4  
Alf-brome hay  5 0 . 6  51 .9  5 1 . 4  5 1 . 9  5 4 . 0  1 . 4 4  
a  Leve l  e f f e c t  (P<. 001) 
TABLE 5 .  EFFECTS OF FAT AND ANTINUTRITIONAL FA$K)%S 
OF FDIS ON IVDMD OF THREE SUBSTRATES (EXP. 3) 
A1 f a 1  f a  hay  Corn s l l a a e  Alf-brome hav  
P r o t e i n  3 FDIS 
s o u r c e  1 0  2  0  1 0  2  0  1 0  2  0  S  EM 
3 IVDMD 
S  BM 5 6 . 3  60 .7  6 1 . 0  6 6 . 0  5 4 . 9  5 9 . 4  1 . 2 1  
HMB 5 5 . 3  5 7 . 3  5 9 . 9  6 1 . 0  5 7 . 5  5 7 . 8  . 5 3  
HFDI S  5 5 . 6  5 6 . 7  5 8 . 5  6 2 . 3  56 .9  5 8 . 1  . 6 1  
FDIS 53 .2  53 .6  5 9 . 0  5 8 . 5  5 7 . 0  5 9 . 4  . 8 3  
a  SBM = soybean m e a l ,  HMB = h e a t e d  mature  soybeans ,  HFDIS = h e a t e d  f r o s t  
d a y g e d  immature soybeans .  
Leve l  e f f e c t  ( P < . 0 1 ) ,  s u b s t r a t e  e f f e c t  (P<.001) .  
C SBM d i f f e r s  from HMB, HFDIS and FDIS. 
HFDIS d i f f e r s  from FDIS ( P < . 0 5 ) .  
